in humans. Three subject groups were evaluated: normal controls, subjects with frontal lobe epilepsy (FLE), and subjects with temporal lobe epilepsy (TLE) A growing body of evidence has established that norepinephrine (NE) plays an important role in the performance of cognitive functions in a variety of species (Stein et al. 1975; Oke and Adams 1978; McEntee and Mair 1980; Carli et al. 1983; McGaugh et al. 1984; Leslie et al. 1985) . Aged monkeys and young monkeys with either surgical ablations or toxin-induced catecholamine depletion in the prefrontal region (principal sulcus) are unable to perform delayed-response tasks (Bartus et al. 1978; Goldman and Rosvold 1979; Brozoski et al. 1979 ). Arnsten and colleagues studied rhesus monkeys from 17 to over 30 years in age, and found improved baseline performance on a spatial delayed non-match to sample task following a single dose of the alpha-2 agonist, clonidine (Arnsten and Goldman-Rakic 1985) . There were both dose and interval NO . 3 (delay) interactions, with greater effects observed as the delay was lengthened. Yohimbine, an alpha-2-antagonist, blocked the effect while neither beta nor alpha-1 antagonists did. A later study showed that guanfacine, an alpha-2A agonist, was 10-1000 times more potent than clonidine in this effect (Arnsten et al. 1988) .
A growing body of evidence has established that norepinephrine (NE) plays an important role in the performance of cognitive functions in a variety of species (Stein et al. 1975; Oke and Adams 1978; McEntee and Mair 1980; Carli et al. 1983; McGaugh et al. 1984; Leslie et al. 1985) . Aged monkeys and young monkeys with either surgical ablations or toxin-induced catecholamine depletion in the prefrontal region (principal sulcus) are unable to perform delayed-response tasks (Bartus et al. 1978; Goldman and Rosvold 1979; Brozoski et al. 1979 ). Arnsten and colleagues studied rhesus monkeys from 17 to over 30 years in age, and found improved baseline performance on a spatial delayed non-match to sample task following a single dose of the alpha-2 agonist, clonidine (Arnsten and Goldman-Rakic 1985) . There were both dose and interval (delay) interactions, with greater effects observed as the delay was lengthened. Yohimbine, an alpha-2-antagonist, blocked the effect while neither beta nor alpha-1 antagonists did. A later study showed that guanfacine, an alpha-2A agonist, was 10-1000 times more potent than clonidine in this effect (Arnsten et al. 1988) .
The alpha-2A adrenergic receptor subtype appears to be the site of action of the beneficial effects of alpha-2 agonists on prefrontal cortex (PFC) function (reviewed in Arnsten et al. 1996; Arnsten 1998) . Alpha-2A receptors are localized both pre-and post-synaptically, but several lines of evidence suggest that the site of action is post-synaptic in PFC (Arnsten and Goldman-Rakic 1985; Cai et al. 1993) . Their effects on working memory are more pronounced in animals with cell loss or catecholamine depletion, being found at low concentrations in old or depleted monkeys but only at high concentrations in young intact monkeys (Franowicz and Arnsten 1998; Arnsten and Goldman-Rakic 1985 1990; Cai et al. 1993) . Stimulation of the locus coeruleus produces a largely inhibitory effect on cortical neurons, whereas a presynaptic action would be expected to produce disinhibition through reduced NE release (Langer 1974) . Iontophoresis of the alpha-2 antagonist, yohimbine in monkey PFC neurons suppresses delay-related cellular activity during working memory tasks (Li and Kubota 1998; Sawaguchi 1998) . Systemic clonidine enhances this delay-related activity, and this enhancement is reversed by iontophoresis of yohimbine in PFC.
Efficacy has also been found with clonidine in an object working memory paradigm, a function believed to rely on ventral prefrontal regions (Jackson and Buccafusco 1991) . High doses of guanfacine can improve performance in object reversal tasks, which rely on orbital frontal regions (Steere and Arnsten 1997) . Thus both spatial and object recognition working memory tasks are improved by alpha-2-agonists, suggesting a general role for this receptor in working memory. A role in PFC function is reinforced by the findings that infusions of alpha-2 agonists into the PFC improve working memory, while infusions of alpha-2 antagonists into the PFC impair working memory (Li and Mei 1994; Tanilla et al. 1996) . Clinical studies of clonidine have reported enhancement of nonspatial abilities in several cognitive disorders (Brozoski et al. 1979; Hunt et al 1985; McEntee and Mair 1980; Mair and McEntee 1986; Fields et al. 1988; Hunt et al. 1995; Chappell et al. 1995; Horrigan and Barnhill 1995) .
In contrast to PFC-related tasks, performance of tasks reliant on temporal or parietal lobes is generally unchanged or impaired by alpha-2 agonist treatment (Arnsten and Goldman-Rakic 1985; Arnsten and Goldman-Rakic 1990; Steere and Arnsten 1997; Witte and Marrocco 1997) . Instead, the memory functions of the amygdala and hippocampus appear to rely on betaadrenergic mechanisms (McGaugh et al. 1988; Thomas et al. 1996) . It is likely that pre-synaptic actions of alpha-2 agonists predominate in these posterior structures, reducing beneficial NE actions at beta-adrenergic receptors.
Norepinephrine (NE) fibers are widely distributed throughout the cortex. They have a common origin in the cells of the locus coeruleus, enter at the frontal poles and arch backward within the gray matter (Morrison et al. 1979; Lewis et al. 1986 Lewis et al. , 1987 . In primates, the cortical distribution of NE and its terminals are highest in the prefrontal cortex and in the primary motor-sensory region (Brown and Goldman 1977) . In areas 46, 9, 25, 12 of the frontal cortex, the alpha-2 receptors are prominent in the superficial layers (I, II, and IIIa; Lidow et al. 1989; Goldman-Rakic et al. 1990 ). These layers are well-suited to cognitive integrative functions as they contain the apical dendrites of layers III and V pyramidal cells, the contralateral callosal and ipsilateral cortico-cortical projections, granule cell dendrite synapses with local circuit neurons, and medial dorsal thalamus projections to pyramidal cells of layers IIIa and b. There are at least three structurally different subtypes of alpha-2 receptors called 2A, 2B, and 2C (Harrison et al. 1991) . Our study was not designed to address differences in these subtypes.
In spite of this rich neuroanatomical and neurocognitive literature, few studies have looked at the effects of catecholamines on cerebral blood flow or metabolism. Daniel and colleagues (1991) studied the effects of dextroamphetamine, a non-selective alpha agonist, on rCBF in schizophrenics during the Wisconsin Card Sort test, which is known to rely on intact prefrontal function. No change in rCBF was seen during the task, as compared to a sensorimotor control, prior to the amphetamine, but afterward there was a significant taskinduced increase in rCBF of the left DLPFC. This was accompanied by a significant improvement in performance on the WCST that correlated with the increase in blood flow ( p Ͻ .05). Moffoot and colleagues showed that clonidine infusion increased rCBF in the anterior cingulate and PFC of subjects with Korsakoff's syndrome (Moffoot et al. 1994) . The increased rCBF in PFC correlated with improvement on verbal fluency, a dominant PFC task. Coull has studied clonidine effects on paired associates and visual information processing tasks using 15O-H2O PET (Coull et al. 1997) . In his study, clonidine produced increases in rCBF in the superior and middle temporal gyri and in the anterior cingulate with decreases seen in the posterior cingulate, cerebellum, thalamus, occipito-temporal and orbitofrontal regions, regardless of task. The clonidineinduced reduction in activity of the thalamus was most prominent during control conditions and was felt to be consistent with an arousal-dependence (low arousal states producing stronger drug effects). The rapid visual-processing task produced increases in the right middle temporal gyrus, which is enhanced by clonidine. Paired associates learning produced a similar increase, but clonidine attenuated this effect.
We have been interested in working memory function in patients with frontal lobe epilepsy and conducted this study to evaluate if differences in rCBF would be produced by an alpha-2 agonist in this group as compared to controls and other focal epilepsies. Specifically, we hypothesized that increased blood flow would be seen bilaterally in the dorsal prefrontal cortex in control subjects following guanfacine, but would not be seen or would only be unilateral in subjects with frontal lobe epilepsy, due to the frontal lesions or epilepsy-induced dysfunction. We also studied the effects in temporal lobe epilepsy subjects who do not typically show deficits in working memory, hypothesizing that they would show a pattern similar to controls, or possibly would show decreases in temporal lobe activity.
METHODS

Subjects
Subjects were recruited from patients seen at the West Los Angeles Veteran's Administration Medical Center or from the California Comprehensive Epilepsy Program. Controls were recruited by local advertisement. All controls and patients signed an IRB-approved consent prior to testing. The control subjects were screened to exclude a previous history of loss of consciousness, drug abuse, psychiatric or affective disorder, and were not taking other medications. The epilepsy subjects had a battery of tests to document the seizure focus including neurological history and exam, interictal EEG, ictal video-EEG, neuropsychological tests, MRI, and 18 FDG-PET (Table 1) . Other tests performed in some included magnetoencephalography, intracarotid amytal test (WADA test), and intracranial EEG with or without video. The final decision as to the localization of epileptogenic zones was made by a group of three epileptologists, board-certified in electroencephalography, neuropsychologists and neurosurgeons specializing in seizure localization as described in previous publications (Delgado-Escueta and Walsh 1985; Walsh and Delgado-Escueta 1984; Swartz and DelgadoEscueta 1987; Swartz et al. 1991; Swartz et al. 1998 ). The decision was made for clinical purposes prior to the inclusion of subjects in this study. Subjects had to be seizurefree for 24 hours prior to scanning and subjects with large structural lesions ( Ͼ 2.5 ϫ 2.5 cm 2 ) on MRI scans were excluded post hoc because of difficulty with aligning the data to the SPM template and because of the potential confounding effects of lesions on the statistical analyses.
Scans
Scans were performed on a Siemens 953-31 scanner, which produces 31 contiguous transaxial tomographic images at 3.5 mm intervals for an axial field of view of 10.8 cm. This results in an image of the brain with a small amount of the vertex sacrificed. The transaxial and in-plane resolutions of the scanner are both approximately 5.6 mm FWHM. A short rectilinear transmission scan for positioning of the brain prior to the study was performed using a 68 Ge external source. Laser cross-hairs were aligned with the nasion, and the transaxial plane of the head was set parallel to the anterior to posterior commisure (AC-PC) line. The head was held in place with a leather head holder and realigned between scans as needed. The attenuation correction of the images is performed by a computation in which the acquired sinograms are employed for definition of geometry of the head. A series of scans using 20-25 mCi 15 O-H 2 O are made prior to and beginning at 45 minutes after the ingestion of 2-3 mg guanfacine hydrochloride (Tenex). Each scan period was two minutes with an interscan interval of at least 10 minutes. Due to cyclotron delays the interscan interval is sometimes longer. As a result, the post-drug scans occurred between 45 minutes and 2 hours 30 minutes after drug ingestion.
During the scans all subjects in the control, TLE, and FLE groups performed a delayed or immediate matchto-sample task as previously described (Swartz et al. 1994 (Swartz et al. , 1995 (Swartz et al. , 1996a (Swartz et al. , 1996b . Abstract, non-verbal, images are displayed for 500 msec with an interstimulus interval (ISI) of 250 msec for the IMS task and 8-14 msec for the DMS task. The duration of ISI is varied across subjects to maintain a performance criteria of 75%-90% at baseline. The tasks and scans are balanced pre-and post-guanfacine. The use of a controlled tasks rather than studying drug effects at a "random rest" state helps to remove the confounding influence of uncontrolled cognitive states or states of arousal. The subjects performed 30 repetitions of the task(s) during each scan period. Thus, in this analysis we are looking at the main effect of drug on rCBF in different groups. An additional five subjects were studied with scans pre-and post-guanfacine, but without a task. They are called the "rest control" group.
The scan numbers ranged from 6 to 12, with half preand half post-guanfacine. Approximately one-third of subjects had their scan orders reversed, requiring that the post and pre-drug scans be done on different days. All subject scans were realigned using co-registration to the mean scan of that day rather than of that subject, to account for the two-day confound. Using AIR, all scans are oriented such that the epileptogenic zones would be in the left temporal lobe or the left frontal lobe in the epilepsy subjects (Woods et al. 1992) . That is, prior to statistical analysis, all scans of subjects with right-sided foci are reflected 180 degrees in the mid-sagital plane so the abnormalities would align on the left.
Guanfacine Variables
Blood pressure measurements are made prior to and 1.5 hours after ingestion of the drug. The dose, 2-3 mg, p.o., is determined by analysis of a pilot study looking at the effects of guanfacine on working memory in similar subjects (Swartz et al. 1997) . It corresponds to a dose range of 29-37 g/Kg, similar to that used in Jakala et al (1999) . In that study, this dose produced a subjective sense of drowsiness but no performance decline. The scan data are not analyzed blindly as the statistical program is without subjective influence.
Statistical Analysis
All analyses were performed in statistical parametric mapping (SPM; Friston et al. 1989 Friston et al. , 1990 Friston et al. , 1991a Friston et al. , 1991b Friston et al. , 1994 using Pro-MatLab (The Mathworks). In SPM, the data are smoothed using a Gaussian filter to reduce error variance due to image noise and small-scale differences in functional and gyral anatomy. Prior to statistical computations, all images of CBF are scaled to an overall grand mean of 50 ml 100g
. The procedure of proportional scaling is used to obtain the relative CBF and reduce the confounding effects of global changes in CBF. We analyzed each group separately, with the design being multiple subjects, two conditions with repetitions. The SPM program performs a voxelby-voxel t-test and generates a map showing the significance of any blood flow changes that are the main effect of conditions, covariates or groups and of interactions between those variables. The criteria for a significant effect are the magnitude of activity at each voxel, and the size of an area of increased activity (number of contiguous voxels with a t greater than the selected cutoff; Friston et al. 1994) . A correction for multiple comparisons with respect to the number of voxels and number of hypotheses is automatically made. Regions found by exploratory analyses are reported after correction, but in order to avoid a beta type statistical error, we are also reporting the uncorrected p values at p Ͻ .05 for those regions included in our a priori hypotheses. Because only one-tailed t-tests are used, potential increases and decreases were tested separately. In this case the increases or decreases following guanfacine were relative to the control condition with no drug present, independent of task. We analyzed each group separately using the design of multiple subjects, two conditions, each with repetitions. We did not compare across groups so any global or regional difference in rCBF between groups is not a confounding variable.
RESULTS
Subjects
There are no significant differences in the sex ratios or handedness of the subject groups or in changes in blood pressure before and after guanfacine. An ANOVA of age vs. group is significant overall ( p ϭ .01), due to the fact that the normal control group is somewhat younger than the other groups ( p ϭ .05). There are no differences between the FLE, TLE and Rest control ages (Table 2a ). In the FLE group, six of 11 subjects took diphenylhydantoin, nine of 11 took carbamazepine and other drugs were used in combination with these nine times. In the TLE group, five of twelve were taking diphenylhydantoin, ten of twelve were taking carbamazepine, and other drugs were used in combination with these seven times. There were no differences in the median doses of carbamazepine or diphenylhydantoin between these two groups (Table 2b) . 
Effects of Guanfacine on rCBF in Normal Controls
Eight normal controls completed the study. Guanfacine produces both significant increases and decreases in rCBF. The increases in rCBF are seen in a widespread distribution over both frontal and parietal cortices but are particularly prominent at the pre-motor area, extending from the superior frontal gyrus to the mid-frontal gyrus and pre-central gyrus (Table 3a ; Figure 1 ). The mean increase in rCBF at the first voxel is 2.5 ml 100g Ϫ1 min Ϫ1 (5%). Figures 1-3 are SPM analyses superimposed onto an MRI template cut in three planes. On these color figures the color scale indicates increasing Z values from black to white. Figure 4 shows data in black and white through a "glass brain" in three planes. For all figures the resolution after smoothing at 16 mm was 18 ϫ 19 ϫ 17 mm full-width-half-maximum (FWHM). For all images, left side is up on the transverse images and to the left side of the coronal images.
Decreases are more prominent in both posterior hemispheres as well as the right perisylvian area. The significant areas of decrease are centered on the left mid-temporal gyrus (area 21) extending to the occipital cortex (area 19) and inferior parietal cortex (area 40). On the right side, decreases are noted in the posterior temporal cortex as well at the transverse temporal gyrus (area 41) extending to the mid-temporal gyrus (area 21) and anteriorly to the right posterior frontal operculum and insula (Table 3b ; Fig 4a) . The mean decrease in rCBF at the first voxel is 2 ml 100g Ϫ1 min Ϫ1 (4%).
Effects of Guanfacine in "Rest Control" Group
This group also shows significant decreases in rCBF in the occipital-temporal region. Significant increases are not seen, although a central parietal region approaches significance (Tables 3a and 3b ; Figure 4b ).
Effects in the Temporal Lobe Epilepsy (TLE) Group
We studied nine subjects with TLE. In this group a somewhat different pattern is observed than in the controls. A large region of increased rCBF is noted over the frontal and central regions, as in the controls, but is most significant on the right from the mid-frontal gyrus (area 6) to the superior frontal gyrus (areas 6 and 8; Table 4a; Figure 2 ). (Recall that the epileptogenic or dysfunctional zones are on the left). The mean increase in rCBF at the first voxel is 3.5 ml 100 ml Ϫ1 min Ϫ1 or 7%. Wide areas of decrease in rCBF are again seen in the posterior hemispheres. These are maximal in the left cerebellar cortex and vermis, but, as in controls, extend to the left mid-temporal gyrus (area 37). A small area of decrease seen in the left inferior frontal gyrus did not reach statistical significance (Z ϭ 3.9; Table 4b ; Fig 4c) . The mean decrease in rCBF at this voxel is 3.0 ml 100mg Ϫ1 min Ϫ1 or 6%. (Area 20) .001 Ϫ50, Ϫ38, Ϫ26 R occipital g (Area 18) .002 40, Ϫ70, 18
Effects of Guanfacine in the Frontal Lobe Epilepsy Group
This group, which consisted of 11 subjects with frontal lobe seizures, does not resemble controls or the TLE group. Increased rCBF is seen in bilateral temporal regions and the cingulate gyrus, anterior greater than posterior. The maximal significance is noted at the right mid-temporal gyrus, extending to the insula, and at the Table  3a for description of regions. Table 4a for a description of regions.
right cingulate (area 24/32; Figure 3 ; Table 5a ). The mean increase at the mid-temporal voxel is 3.5 mg 100ml Ϫ1 min Ϫ1 or 7%. This group does not show widespread posterior decreases as are seen in the control and TLE groups but does show a region of decreased rCBF in the left prefrontal cortex (area 10/46 to 9; Figure 4d; Table 5b ). The mean decrease at the left PFC is 2.2 mg 100ml Ϫ1 min Ϫ1 or 4.4%.
Task
Across all groups there is a significant drug effect on the DMS task (p ϭ .006, Wilcoxon Signed Rank Test) with fewer errors post (13 Ϯ 1.2%) than pre (16 Ϯ 1.4%, s.d.). This is not found on the IMS task, where there are 4.5% errors pre-and 4.6% post-guanfacine. Group effects are seen for the DMS task performance prior to guanfacine (ANOVA; p ϭ .0005, df ϭ 4, f ϭ 5.4). After guanfacine the differences in groups are similar qualitatively, but greater quantitatively (p Ͻ .0001 overall), with post-hoc differences noted between Control vs. FLE (p ϭ .0002) and TLE vs. FLE (p ϭ .07). These data are the subject of a separate manuscript (in preparation).
DISCUSSION
Changes in cerebral blood flow or glucose uptake are generally related to changes in synaptic activity and the uncorrected) . No frontal regions show significant increases and only the right temporal region was significant at both the cluster and voxel levels (area and intensity). See Table  5a for a description. greatest metabolic demands are thought to occur at post-synaptic sites during generation of exhitatory and inhibitory post-synaptic potentials (EPSP's and IPSP's) (Sokoloff 1977; Kennedy et al. 1975; Jueptner and Weiller 1995) . As mentioned, alpha-2 receptors can be pre-or post-synaptic, but the evidence suggests their actions in PFC be mediated through post-synaptic receptors. The norepinephrine fibers have a predominantly frontal distribution (Brown and Goldman 1977) . In addition to classical synaptic structures, NE is released en passage from synaptic boutons directly to the extracellular space at axonal varicosities (Lapierre et al. 1973 ). This would be expected to produce widespread post-synaptic effects in the frontal lobes. As hypothesized, our study finds increased cerebral blood flow in the frontal lobes of the normal control group. This is maximal in the central regions, consistent with the known distribution of catecholaminergic terminals in primates, and extends into the parietal regions. The smaller area of increased rCBF seen in the resting control group may be a beta type error, as larger groups are often necessary to observe stable effects in 15O-H2O rCBF studies (Andreason et al. 1996) . The findings in this group, nevertheless, also agree with our hypothesis of anterior-increase and posterior-decrease in rCBF. Our subjects with temporal lobe epilepsy show frontal-parietal increases as well, although these increases are shifted to the side contralateral to the seizure focus, which may reflect an interaction of the temporal epileptogenic focus with the temporal-frontal connections that go from the middle temporal gyrus to the middle frontal gyrus (Barbas and Rempel-Clower 1997) . These results agree with those produced by clonidine as reported by Moffoot et al. (1994) in Korsakoff's subjects, but differ from those reported by Coull and colleagues (1997) in controls treated with clonidine. This difference may be due to differing states of arousal at baseline or during tasks, or to differences in the dis- Table 3b ). Panel (c) shows the decreases seen following guanfacine in the TLE group. These extend from the cerebellum to the mid-temporal gyrus. See Table 4b . Panel (d) The regions of decrease in rCBF following guanfacine in the FLE group are shown. Only an isolated area of the left frontal lobe was significant. See Table 5b for explanation. tribution of alpha-2A receptors, which guanfacine preferentially activates, and the alpha-2B, C receptors which are additionally activated by clonidine.
We find decreases in rCBF, which would be expected with a presynaptic alpha-2 effect in the posterior hemispheres of controls and subjects with TLE. These extended into the posterior temporal gyri, and inferior parietal lobe. This observation could explain why alpha-2 agonists may produce no change or worsening of performance on tests which tap perirhinal, hippocampal and parietal functions Witte and Marrocco 1997) . This distribution of change (increases anteriorly and decreases posteriorly) parallels that noted in a preliminary investigation of the effects of the D2 agonist, bromocriptine (Zarahn et al. 1998 ), Coull and colleagues (1997) also noted cerebellar and temporal-occipital decreases in rCBF following clonidine.
The subjects with frontal lobe epilepsy show a great deal of difference from controls or subjects with TLE. As predicted, they do not have increased rCBF ipsilateral to the epileptogenic zones. In fact the ipsilateral prefrontal cortex showed a decrease in rCBF. Catecholaminergic neurons are known to sprout into areas of neuronal loss, and an increase in presynaptic alpha-2 receptors in the PFC would explain our finding. Lesions within the frontal lobe might also disrupt any adrenergic cortico-cortical fibers passing posteriorly, explaining the lack of change in the central and parietal regions.
While the mechanisms supporting these changes are admittedly speculative, we can conclusively state that effects consistent with action at alpha-2 post-synaptic receptors are more prominent frontally in normal controls and subjects without known frontal dysfunction. Effects suggesting a pre-synaptic site of action are more prominent posteriorly. Our subjects with frontal lesions show significant reorganization. The contralateral, as well as ipsilateral, frontal depression in this group is not surprising as we have reported that prefrontal cortex contralateral and ipsolateral to epileptogenic regions fails to activate during a test of visual working memory, although it is structurally intact (Swartz et al. 1996a ). Contrariwise, we saw an area of increase in rCBF following guanfacine in the right mid-and superior temporal gyri and adjacent insula of the FLE group. We have previously noted that disruption of higher cognitive prefrontal areas appears to result in reliance on limbic and temporal cortex for working memory tasks (Swartz et al. 1996b ). The redistribution of alpha-2 receptors may be one mechanism subserving this functional shift. Previous studies have shown that the effects of alpha-2 agonists on memory tasks or rCBF are specific to the agonist subclass, the task paradigm and the state of arousal. The markedly different response of the FLE group shows that the nature and location of neuropathology is also an important variable.
Our results cannot be explained by age differences for, while the temporal lobe group is like the control group in rCBF effects, it is like the frontal group in age distribution. Neither are they explained by anticonvulsant effects because each group is compared to itself, because anticonvulsants generally produce decreases in rCBF and because the type of drugs used do not significantly differ between the FLE and TLE groups (Theodore et al. 1986a (Theodore et al. , 1986b (Theodore et al. , 1989 . Studies of intraventricular alpha-2 agonists have shown that they can produce local vasoconstriction or a global decrease in CBF due to effects at the brainstem control centers (Tsukahara et al. 1986; McPherson et al. 1997 ). We do not believe that changes in global cerebral blood flow affected the results because all groups are normalized to the same mean initially, because there are no significant changes in peripheral blood pressure, and because local changes in activity induced by an experimental condition are similar, whatever the background level of perfusion . Clearly, global decreases in CBF do not explain the increases in rCBF that we observed. Finally, we recognize that there is some heterogeneity of the location of the epileptic focus in the 
CONCLUSIONS
Alpha-2 agonists produce large increases in the cerebral blood flow of the dorsal prefrontal to central cortex, extending into parietal lobe, as predicted by the distribution of pre-synaptic adrenergic terminals reported in primates, and consistent with the enhancing effects previously noted in working memory paradigms. Decreases in the posterior temporal regions may relate to the lack of enhancement or impairing effect of alpha-2 agonists on temporal lobe tasks. Focal dysfunction, such as that produced by epilepsy, can alter this distribution both by direct effects at the epileptogenic site, as in the FLE group, and by indirect effects, as seen in the TLE group. This study, as well as the other investigations cited herein, should encourage further attempts to characterize the effects of alpha-2 receptor sub-populations for potential therapeutic applications in a wide range of diseases with prefrontal dysfunction.
